Solvent extraction of cationic
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, 6 1 Introduction Liquid -liquid extraction of proteins has been developed with reversed micelle system since 1980's. Various proteins can be transferred into reversed micelle solution, and the extraction mechanisms has been clarified in detail. [ 1 ] However, the separation factor is generally low because the simple electrostatic interaction between the protein and the surfactant head groups governs the protein transfer. In some cases, selective extraction has been achieved with affinity reversed micelle system by using an affinity ligand to bind a target protein . For instance, concanavalin A is selectively extracted from a mixture of proteins with reversed micelle system incorporated with alkylglucoside as an affinity ligand. [2] Therefore, characteristic of the ligand is one of the most important factors for the selective extraction of a protein.
Authors have developed a series of calixarene carboxylic acid derivatives as extractants for various metal ions or organic molecules such as amino acids. [3, 4] A calixarene has a cavity to include a guest molecule and shows a specific interaction to the target by introducing various functional groups. For recognition of an organic molecule, calix [6] arene or calix [8] arene is favorable due to their lager cavity. Recently, it was found that a calix [6] arene carboxylic acid derivative (abbreviated as tOct [6] CHZCOOH) functions as an extractant for a hemeprotein cytochrome c (abbreviated as Cyt-c). [5] The extractant strongly acts with a cationic residue on the surface of a protein by including it into the cavity to form a hydrophobic complex . Thus calixarene is expected as a platform to create a recognition tool for biopolymers. [6] The present study examines solvent extraction of cationic proteins with calix[n]arene carboxylic acid derivatives (n = 4, 6, 8) to elucidate the structural factors for the extraction. Stripping of the extracted Cyt-c into an aqueous solution was also carried out. 
Materials
The structures and abbreviations of calixarene series and a monomer analog used in this study are shown in Fig. 1 . They were synthesized according to the procedure described in the previous papers. [3, 4] Protein reagents for the solvent extraction experiments were purchased and employed without further purification: i.e., Cyt-c from horse heart, ribonuclease A (RibA) from bovine pancreas, (Sigma-Aldrich Co. St. Louis, MO), and lysozyme (Lyso) from egg white (Nacalai Tesque, Inc. Kyoto, Japan). All other reagents were of reagent grade. Figure 2 shows the extraction of Cyt-c with various carboxylic acid extractants. The data are plotted with absorbance of Soret band of extracted Cyt-c in the organic phase as ordinate and the molar ratio between extractant and protein as abscissa. The calix [6] arene tOct [6] CH2COOH provides the highest extractability in the all extractants and Cyt-c was quantitatively extracted in the presence of 20-fold equivalent of the extractant. [6] CH2COOH has a strong affinity to -NH3+ due to the ideal cavity size, the C3 symmetry, and preorganized carboxylic acid groups for inclusion of it. Therefore Cyt-c is extracted with tOct [6] CH2COOH through the complexations between -NH3+ group of the lysine residue in Cyt-c and the extractant. tOct[8]CH2COOH is also able to include -NH3+ group in the cavity, however, the recognition is not strict because the cavity size is too large. On the other hand, tOct [4] CH2COOH is hard to include -NH3+ group due to the small cavity. In addition, hydrophobicity of the complex between the protein and the extractant is also a key factor for the extraction. Since the monomer analog toct [1] OH2OOOH cannot afford the sufficient hydrophobicity to extract Cyt-c, the precipitate is formed at the oil-water interface. UV-vis and CD spectra of the extracted Cyt-c in chloroform are summarized in Table 1 as well as those of native Cyt-c in water, in order to investigate the effect of complexation on the structural changes of Cyt-c. For Cyt-c extracted with tOct [6] CH2COOH or tOct[8]CH2COOH, the Soret band is shifted to lower wavelength. While, the Soret band of Cyt-c extracted with tOct [4] CH2COOH is rarely shifted and the CD spectrum pattern is quite different. These results suggests that the tertiary structure of Cyt-c extracted with tOct [4] CH2COOH is different to those extracted with tOct [6] CH2COOH and tOct[8]CH2COOH. 
